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TABLE VII I

FR E QUENCY SHIFT FACTORS AND LOSS FACTOR RATIOS

FOR THE WATER -LOADED SQUAR E PLATE

COATED W ITH LD 400 DAMPING TILE

p\q Frequency Frequency Loss Loss
Shif t  Factor Sh i f t  Factor Factor Ra t io  Factor Ra t io

D D R (dB ) R (dB)f ,w f ,w—a g, v g, w—a

2/0+ 1.11 0.75 34.7 -0.04

2/2 1.17 0.83 34.3 —1.2

4/0+ 1.15 0.82 24.5 —1.6

4/2+ 1. 14 0.84 17.7 —1.3

4/4 1.14 0.87 * *
6/0+ 1.11 0.85 * *
6/2+ 1. 13 0.85 24.2 4.7

_________________________________
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TABLE IX

FR EQUENCY SHIFT FACTOR S AND LOSS FACTOR RATIOS

FOR THE WATER —LOADED SQU AR E PLATE

COATED WITH GP— 1 DAMPING COMPOUN D

p\q Frequency Frequency Loss Loss
Shif t  Factor Shif t  Factor Factor Ra t io  Factor Ra t io

D D R (cm ) R (dB)f ,w f ,w-a g, w g, w—a

2/0+ 1.23 0.71 29.7 0.8

2/2 1.28 0.77 29.0 1.4

4/0+ 1.23 0.78 20.1 0.7

4/2+ 1.21 0.80 14.5 2.9

4/4 1.16 0.83 * *
6/0+ 1.16 0.83 * *
6/2+ 1. 18 0.83 17.0 *
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4

TABLE X

FREQUENCY S HIFT FACTORS AND LOSS FACTOR RATIOS

FOR THE WATER -LOADED SQUARE PLATE

COATED WITH W DAMPING TILE

p\q Frequency Frequency Loss Loss
Shif t  Factor Sh i f t  Factor Factor Ra t io  Factor Rat io

D B R (dB ) R (dB)f ,w f ,w—a g, w g, w—a

2/0+ 1.16 0.73 31.3 -0.1

2/2 1. 19 0.78 31.0 0.1

4/0+ 1.16 0.79 22.4 0.5

4/2+ 1.15 0.81 20.8 4.6

4/4 1.12 0.85 * *
6/0+ 1.12 0.83 * *
6/2+ 1.11 0.82 19.2 2.8

_ _  - - - - - - - - -—_ _ — -- ~-_- -_ -~ ----~_ _ _ __ _ _ __ _ _  - _ _ - -



r

56

00 
C D9  

50
9 ~C)

“-U 
~~~~ _ _1I~~UT I I ~~ J II1I I I U I)\ 111111  I I I~~ ~~J,JI I I I

C’.6 , / \  I ’  ~~~~~~~~ 
/ ‘\ - 4

I / \  / _ _

/ -

/
“ \ / / ____;~~~~~~~

—/

1/  

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~

/ \ / 9

/ \
\
\ , 

/

— 
*

~~~~~

,
\/  

“
\/

“ 
y -  

~- /\  A 

,
i

/ ~ 
~~~~

4” / \ / ‘ / .. _..
~~~~~ ~~~~~

4’ / —~r~~~ 0’ 5
4’ LU -‘-f .~\ ‘  / 4’ X 4 - ~

- /
4’ 

,/\ LL
/ I~~~~ O~~4 ’ i 5/ 4’ / 4’ ,—4/ 4’ 1 4’ I I~~~- 4 J 4J

~‘ 
/ 4’ — /  00 5 5

4’ 4’ 4” c o~~- 4’ / — 4’ 4’ .4~~~~~c J Ø— — , 4’ /
.1 • \ I

4’ / I
\ ‘

/ 4’/ _ g— -p 4’ I\ —CD ~~“ ‘ -
— -  C-,,’  / / 4’ / \ -

4’ La-
~~~~ /

4’ / \ / /
\ / 

4’ / / • I-

4’ 
/ 4’ / \ —

‘ ‘I \ / \ , 4 ’ ,
4’, \/ Y 00- /\ /~ ‘\ /\

/ 4 ’  / 4 ’
.~~ ~ I1~c 1 I I \ P  I h / u i ~ ~ ~ ~~~~ ~ \u i

~~CD CD —
-4 -4 -4 -4

36S U! ‘3ONvcJ3dW I 1VDINVHO3W 

~~~~
- -_ - - -—

~~~~
- -—_ -—- - _- -~~~~~~~ 



_____ -~~~~~ - - - - — -  - - - -~~~~~--- __ -~~---~~ -~~~~~
—-- --- --- 

~1 - - -- 

57

TABLE XI

FREQUENCY S HIFT FACTORS AND LOSS FACTOR RATIOS

FOR THE WATER -LOADED SQUARE PLATE

COATED WITH EPO XY 10 DAMPING COMPOUN D

p\q Frequency Frequency Loss Loss
Shi f t  Factor Sh i ft  Factor Factor Ratio Factor R a t i o

D D R (dB ) H (dE )f ,w f ,w—a g,w g, w—a

2/0+ 0.96 0.71 15.2 1.6

2/2 0.96 0.77 15.0 —0.6

4/0+ 0.96 0.78 7.8 —0.6

4/2+ 0.96 0.80 6.5 4.2

4/4 0.96 0.83 13.7 4.8

6/0+ 0.96 0.82 14.7 3.2

6/2+ 0.96 0.85 10.1 3.0

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~
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coated plates a~ e indicated by the Frequency Shi f t  Factors D
f v a

tabulated in these tables. From this , it is evident that the per u n i t

increase in the modal masses of each plate, coated and uncoated, caused

by the water loading of one side of each , is equivalent.

I
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5.3 Soun d Radiation

Figure 18 shows the spectrum of the sound level measured in the

test tank for  the water —loaded reference plate. The shaker was driven

with wide ban d random noise (0+_b kllz) . Absolute units hav e not been

used since only quali tat ive results were of interest.  Levels below 500

Hz hav e been obscured by the ambient noise level in the tank and ,

ther efor e , are not shown in this and all subsequent soun d level spectra.

The measurement hydrophone was situated 6 ft. directly below the plate

in the test tank , such tha t it was located in the direct sound f ie ld  of

the plate. The pronounced peaks in the spectrum correspond in frequency

to maximum force input to the plate, which generally occurs at the

antiresonances. Normalization of this spectrum by the force input to

the p late did not provide fur ther  insight into the sound radiat ion

characteristics, and normalization by the power input to the plate was

not possible with the exper imental apparatus.

Shown in Figures 19 through 22 are the spectrum of the sound levels

measured in the test tank for  the water —loaded LD400 , GP—1 , W , and

Epoxy 10 coated plates. These plates were driven in the same manner as

that of the reference plate, using wide band random noise to drive the

shaker. Experimental parameters (preamplifier gains, drive signal ,

processor controls) wer e kept the same dur ing the measurement of the

sound level for each plate in order to allow a qualitative comparison of

the spectra. The LD400 and VE coatings have caused the most significan t

reductions in the sound level , resul t ing in as much as 20 dE attenuation

over certain frequency bands. Sound levels between 5,000 Hz and 10,000

Hz have been reduced 10—15 dB by the use of these treatments. 

_--- -~~~~~~~~~~~~~ --- ----~~~~
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CHAPT F~ VI

SUMMARY AND CONCLUSIONS

6.1 Summary

A compar ison study was under t aken to evaluate  the ef fect iveness of

several commercially available damping treatments in the reduction of

the transverse vibrations of fluid—loaded plates. Considered were

center—driven, square, aluminum plates which were unconstrained along

all edges. Damping treatments were attached to the upper surface of

these plates in accordance with manufacturers’ specifications. The

plates were subjected to two types of fluid loading ; air loading on both

sides, and water loading on one side.

The driving—poin t impedances of these treated plates were measured

over the extended frequency range of up to 10 kHz using digi tal  signal

proc essing techniques. From these , the resonant frequencies and loss

factors were determined and compared with those of an uncoated reference

plate.  Frequency shift  factors and loss factor ratios were introduced.

These pr ovided a measure of the effects  of the coatings and the change

in the f luid loading conditions on the modaj. characteristics of the

plates. Measurements of the sound level in an acoustic water tank were

made for each plate and compared in order to gain insight in to the

effects of the treatments on the sound radiation into the test tank by

the water—loaded plates.

Very favorable agreement between experimental results and theory is
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f oun d fo r the case of th e cen t rally drive:-i , uncoated , r efer ence p late ,

ai r—loaded. Measured resonant frequencies  are seen to correspond well

to theo ret ical  values determined using the methods of Warbur ton  ( 1954) .

Mode shapes measu red for  the reference plate coincide wi th  those

obser ved by Waile r ( 1939),  providing Informat ion about the mode numbers

of each plate resonance excited .

Loss fac to r s  der ived from measured impedance data indicate that

LD400 and Emboss -1 Foam Damping Sheet (yE ) are the most e f f ec t i ve

t reatments tested in reduc ing the plate vibrat ions . These two

t reatments have , for  all plate resonances excited , increased the loss

factors by at least 25 dB as compared to that of the uncoated reference

plate. Interes t ingly ,  all but one of the treatments tested have the

e f f e c t  of in cr easing the modal s t i f f ness of the plates more than the

modal mass. As a result , the resonances of the p lates coated with  t hese

t reatments have shifted upwards in f rt ~~uency from that of the reference

plate. Onl y the addition of the Epoxy 10 results in a greater increase

in the modal mass and a downwar d shift  in frequency of the resonances.

Water loading of one side of the test plates results in no change

in their modal characteristics. However , an additional inert ia term ,

introduced by the heavy f lu id  loading, causes a sh i f t  downwa rd In

f requency of the resonances. Also, the st rong f lu id—st ruc tu re

interaction increases the loss factors of each plate mode by as much as

20 dE. However, this increase is not as pr onounced as th a t caused by

the more effective damping treatments (LD400 and yE).

Addition of the more effect ive treatments (LD400 and VE) to the

- - - - - -- -~~~~~ --~~~~ —-m ~~~~~~~ —------ ~~~~~~~~—--~~~~ —~~~~— - - - - - -
~ 
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wate r—loaded plate increases the loss factors of the modes excited by at

least 15 dB as compared to that of the vat~”—loaded, reference plate.

Moreover, the overall change in the loss factors from the air—loaded to

the water—loaded case is no more than 
~

5 dB, indicating that the effects

of these treatments overshadows any water loading effects.

Comparison of the spectra of the sound levels measured in the test

tank for each water—loaded plate indicate that the LD400 and Embossed

Foam Damping Sheet (VE) are the most effective of the treatments tested

in reducing sound radiation, causing as much as 20 dB attenuation over

certain frequency bands and 10 dB to 15 dB attenuation over most

frequencies between 5—10 kHz.

6.2 Conclusions

Tile type damping treatments, such as LD400 and Embossed Foam

Damping Sheet (y E ) ,  have proven to be the most effective of the

treatments tested in reducing the transverse vibrations and sound

radiation of centrally excited, free, square plates. The increase in

the loss factors of each plate mode excited due to these treatments was

found to be greater than any increase due to the water loading. Thus,

the addition of these treatments to the internal portions of a submerged

body should increase the loss factors of each transverse mode excited.

The increase of the loss factors should result in greater internal

.ni.r*y disai pation , which in turn should reduce the energy available for

- ‘. n u f . r  Into the ambient medium as acoustic sound waves.

-~~rd~. of a treatment’s effectiveness in an air—loaded 
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environment has provided sufficient information to rate its

effectiveness in a water—loaded environment. This is evident when it is

noted that , of the treatments tested here, the most effective ones,

LD400 and yE, caused the greatest increase in the loss factors of both

the air—loaded and water—loaded plate8. Thus, the treatments which were

most effective in reducing the vibrations of air—loaded plates were

found to be the most effective in the water—loaded mode. 

- - -  ~~~-~~~--—~~~ - -
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APPENDI X A

Mass Cancellation

The Wilcoxon Z820 impedance head used during the experimental phase

of this investigation contains internally a force gage and an

accelerometer. These are mounted along the driving axis of the shaker

and measure the acceleration and input force at the drive point of the

plate.

The force measured by the force gage is typically slightly

different from the actual force applied to the plate by the shaker.

This is because some of the indicated force is ‘used’ to acceler ate the

small mass between the measuring crystals of the force gage and the

plate. This added mass, termed the end effective mass or the mass below

the force gage, consists, in part, of the mass of the driving platform

of the gage and any other material, such as the stud, used to attach the

plate to the shaker. This end effective mass may not be negligible when

compared with the effective modal mass of a mode of vibration of the

plate. It must therefore be compensated for.

During the experimental phase of this investigation , electrical

compensation was used to correct for the effects of the end effective

mass. This required that a portion of the acceleration signal be

subtracted from the force signal. Analog subtraction was performed by

the mass cancellation system, which Is seen in Figure 23. This system

consisted of two Ithaco preamplifiers and a mass cancellation circuit,

comprised of three operational amplifiers with associated circuitry.
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The AC acceleration and force voltage signals were amplified by the

preamplifiers and fed into the inputs of operational amplifiers 1 and 2,

respectively. The acceleration signal was multiplied by a weighting
R2+ R3factor, KA R 

in amplifier 1. The gain of amplifier 2 was unity.
1

Both signals were then fed into amplifier 3, which is a unity gain

difference amplifier. This subtracted the weighted acceleration signal

from the force signal, resulting in an output which was the corrected

force signal. Unity gain in amplifier 3 was assured by varying R 5 prior

to calibration.

Calibration of this circuit was accomplished by driving the

impedance head with only the attachment stud connected. Under this

loading condition, the only force indicated by the force gage was that

required to drive the end effective mass. The weighting factor of the

acceleration signal was varied by changing the gains of the Ithaco

preamplifier and operational amplifier 1 until a min imum force signal

was obtained.
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